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Motivation for sensing in the mid-infrared
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Why midinfrared?

x 2 orders of magnitude improvement in
linestrengths
CH-stretch
Commercially available semiconductor
mid-IR light sources

3 ICLs

3 QCLs
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Challenges

A Broadband measurements ¢ 100 cm1)
A Rapid response time ¢ £s)
A High resolution ¢ MHz)
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I Interband cascade laser frequency combs
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Why ICLcombs?

Up to 20 mW of continuous wave
power at <1 W of electrical power
~1 THz of spectral coverage
Ultra-compact size

ICL technology suitable for space
applications e.g. Curiosity rover
Compatible with cavity enhancement
for ppm-ppb concentrations
Efficient operation as fast
photodetectors: possible on-chip
spectrometers

Wavenumber (cm'l)

M. Bagherietal., fi Pas s i \oekkdyinterband eascade

optical f r e qSciemifc Reparts, B(b),p., 3822, 2018.
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Dual-comb spectroscopy

Local oscillator comb 5
_ fo% 9.72 GHz Why dualcomb?

Dual-comb spectroscopy is a way of resolving
spectral information without using gratings,
moving parts etc: all-solid-state spectroscopy
in amplitude and phase in microseconds!
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I IC room-temperature mid-infrared photodetector
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Main advantage: lases above threshold
Alignment relies on self-generated light
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I Responsivity at microwave frequencies under bias

Intermode BN SNR at 9.5853 GHz
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Cleave line

Testing the electrical bandwidth
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Liu, H. C., et al. "High-frequency quantum-well infrared photodetectors measured by microwave-
rectification technique." IEEE journal of quantum electronics 32.6 (1996): 1024-1028.
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I Improving the electrical bandwidth

Microwave
rectification
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I Mid-infrared dual-comb spectroscopy

Optlcal spectra of the two combs

Comb ICLs operated at 109+ 20 70C 26.79C
room temperature 300 MA 234 MA
Y

v
< e
emace o S ¥y _ ]‘l

: | i U
10 NP o’ : ‘ l) h | ‘l '
. Vet o i 'W’lm \l | ” “Jm
-10 Uncooled IC detector ] :E(I)Gci%”;b
_ with negative bias ‘ . ‘ .
28 2730 2740 2750 2760 2770 2780 2790
- Wavenumber (cm™)

-400 -200 O 200 400
Frequency (kHz) + 9.6937 GHz

s %o o°

Normalized optical power

9 jpl.nasa.gov



I Free-running room-temperature mid-infrared dual-comb
spectroscopy

2755 cm-? 2775 cm?
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I Free-running room-temperature mid-infrared dual-comb
spectroscopy

Transmission
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I Vernier spectrometer

4\ 1so L
L] %

ICL Comb . :
Vernier cavity

] Y
Ramp down Cavity 3
mirrors " §

d=3.09 cm
F =1800
2dF/p effective
path (35 meters)

Photodetector signal

13 jpl.nasa.gov



I Vernier spectrometer
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I Vernier spectrometer i ppm level sensing of DFE

New spectra every ~1 ms
(in up and down scan direction)

15 jpl.nasa.gov



